In Flanders, vegetable, fruit and garden (VFG) wastes are collected selectively and composted. We studied the effects of the combined application of three different doses of VFG compost and cattle slurry during 7 years on maize dry matter yields and three soil faunal groups: nematodes, micro-arthropods (springtails and mites) and earthworms. Combined application of VFG compost and slurry resulted in the highest yields. Initially, there was a clear yield depression on plots amended with compost in contrast to an upward trend in the last application years, proving a significant residual N effect from cumulative compost applications. The plant parasitic nematodes Pratylenchus sp. and the Tylenchidae were less abundant on plots receiving organic amendments, while the population of the bacteriophagous Rhabditidae was higher on these plots. Adding organic amendments resulted in increased numbers of micro-arthropods, springtails as well as mites. Earthworms were significantly more abundant when organic amendments were applied. The VFG compost had a larger overall positive effect on the three soil faunal groups than cattle slurry.
Introduction
The selective collection of the organic fraction of household wastes, collectively referred to as vegetable, fruit and garden wastes (VFG), opens perspectives for its reuse in plant production. In the region of Flanders (North of Belgium), VFG wastes have been collected selectively and composted from 1992 on, to produce VFG compost [2] . Over time the amount of waste collected and the compost produced from it has grown steadily. In 2005, about 370 000 ton VFG waste was collected from which 136 000 ton VFG compost was produced (compared to about 34 600 ton VFG waste and 12 000 VFG compost in 1992). Currently the main share of this compost is used for non-professional applications. However, agriculture and horticulture can be considered potentially important purchasers of VFG compost in the future. The main reason why this compost is not widely used there yet, is a lack of knowledge of its agronomic value.
Compost was shown to: (i) protect the soil against erosion [3, 19] ; (ii) to have beneficial effects on soil physical properties such as total porosity, saturated hydraulic conductivity, available water content [9] and aggregate stability [15] ; (iii) to decrease soil acidity [36] and soil bulk density [9] ; and (iv) to increase soil organic matter content [9] . Additionally, composts have the potential to protect crops against pathogens [11, 16, 25, 35] , which has been attributed to different mechanisms, such as increased parasitism and antibiosis and induced resistance [24] . There is evidence that immature compost can be used for weed control, due to the presence of phytotoxins like acetic and propionic acid [30] .
The use of compost has a significant impact on the soil fauna and flora. Pfotzer and Schüler [32] and Forge et al. [21] proved that the application of compost enhanced the biological activity of the soil (higher microbial activity and higher numbers of protozoa and bacterivorous nematodes), resulting in enhanced turnover of organic matter and release of plant available nutrients. Soil biota can be considered important soil quality indicators. In translocating and transforming litter and soil organic matter and in changing the supply of nutrients to plant roots, they fulfil crucial roles in the control of water, nutrients and soil structure [7] . Compost application can strengthen the role of the living soil. This point is often overlooked, because in conventional agriculture the soil biota are effectively bypassed by soil tillage, mineral fertilizers and pesticides. However, if modern agriculture has to rely more on internal resources (e.g. the recycling of organic matter), restoring and sustaining the major functions of the soil biota is pertinent [7] .
To date, very few studies exist on the effects of VFG compost application to soil, and to our knowledge no studies examined the combined effect of VFG compost and cattle slurry on crop yield and soil fauna. The aim of this research was to investigate the effects of a combined application of VFG compost and cattle slurry over a 7-year period on maize dry matter (DM) yield and on three soil faunal groups: nematodes, microarthropods (springtails and mites) and earthworms. These groups were chosen as major constituents of the soil food web.
Materials and methods

Experimental design
The experimental field site, located in Melle (experimental site of Ghent University, Belgium, 50 59 0 N, 03 49 0 E, 11 m above sea level), was monocropped with maize since 1982. The soil of the experimental site is a sandy loam soil with the following granulometric composition: 10.4% 0e2 mm, 42.0% 2e50 mm and 47.6% >50 mm. From 1997 the field is used for a long term experiment with different types of organic and inorganic fertilizers. A block design with three replicates is used to assess the impact of fertilizer type on maize yield. On 54 experimental units (plot size 9 m Â 9 m) the following three fertilization treatments and their combinations were applied ( Fertilizer and organic matter amendments were applied every year, except the 45 ton ha À1 VGF compost, which was applied every other year. The precise amounts and application dates of compost and manure are shown in Table 1 . Table 2 gives the average composition (1997e2003) of the applied cattle slurry and VFG compost. On the plots receiving no slurry, an additional amount of 300 kg ha À1 K 2 O and 75 kg ha À1 P 2 O 5 was applied yearly. Every year the mineral fertilizer was applied the day following the compost application.
Sampling and analysis of soil fauna
Here we report data collected on plots with no mineral N fertilization (0N). In order to investigate the soil fauna, soil samples were taken in autumn 2003 and in spring 2004.
The sampling for nematodes was done on September 11, 2003 and March 30, 2004 . For each plot 40 cores were taken up to a depth of 20 cm, using an auger with a diameter of 1.8 cm, in the centre of the plot and close to the plant rows. All 40 samples were bulked and thoroughly mixed; 200 ml of this bulk sample was taken for further analysis. Extraction of nematodes was conducted with a zonal centrifuge, following Hendrickx [23] . Nematodes were identified on family or species level using a stereo dissecting microscope at a magnification of 1000Â.
For springtails and mites samples were taken on November 14, 2003 and on March 19, 2004 . A single core was removed from the centre of each plot up to a depth of 20 cm, using an auger with a diameter of 4 cm [12] . A dry extraction with Tullgren funnels was used to remove the micro-arthropods from the samples [13] . The springtails and some of the most abundant mites were identified at family level using a stereo dissecting microscope at a magnification of 400Â.
Earthworms were sampled on October 20, 2003 and on March 16, 2004 , because in temperate regions earthworms are most active during spring and fall when temperatures are moderate and soil moisture levels are adequate. A single soil sample (20 cm Â 20 cm Â 20 cm) was taken in the centre of each plot and the earthworms were collected by careful hand sorting. After washing and air drying, the total weight of the earthworms from each plot was recorded.
Dry matter (DM) yield of maize
On September 16, 2003, the central 6 m 2 of each plot was harvested. Ears and vegetative parts were collected and weighted separately. Vegetative parts were chopped and dried for 12 h at 75 C. Ears were dried unchopped for 12 h at 80 C and for 4 h at 105 C.
Statistical analysis
The data were analysed (ANOVA) using S-Plus software. Since the interaction between the factors slurry and compost was in none of the cases significant, the analysis considered only individual effects.
Results
Nematodes
Seven years of different organic fertilizer treatments influenced nematode presence. The diversity of plant parasitic nematodes was restricted to only one species of the genus Pratylenchus and a restricted number of species of the family Tylenchidae. At both samplings the plant parasitic nematodes were less abundant in plots receiving organic amendments (Table 3) . However the type of organic matter determined the presence of the species: Pratylenchus was more abundant when no compost was applied (C0 vs. C1 and C2), while the species belonging to the Tylenchidae were in higher number in plots without cattle slurry application (Sþ vs. SÀ). In autumn 2003, the difference in abundance between plots with or without the organic amendments mentioned above, was significant (p < 0.05) for both nematode groups, while in spring 2004 only the effect of the applied slurry on the presence of the Tylenchidae was significant (p < 0.05).
During autumn 2003 the population of the bacteriophagous Rhabditidae was larger on plots with organic amendments. Differences were not significant (p < 0.05).
Springtails and mites
For both springtails and mites the trend was very similar: adding organic amendments resulted in increased numbers of these micro-arthropods, both in autumn 2003 and in spring 2004 (Table 4 ). The lowest number of micro-arthropods was in all cases found on plots which received no compost (C0). For the Collembola the highest number was found on the C2 plots and this difference was significant (p < 0.05) for both sampling periods. Almost all springtails identified in the samples belonged to the Onychiuridae; a few were representatives of the Sminthuridae. The Acari were more abundant on the C1 plots than on the C2 plots, but this difference was not significant (p < 0.05) for neither of the sampling periods. Some of the most abundant mites in the samples were identified to family level, as being representatives of the Tarsonemidae (Prostigmata), and of the Phytoseiidae and the Laelapidae (Mesostigmata). There was no significant effect of the slurry on the abundance of the micro-arthropods.
Earthworms
The large difference between the two sampling dates is striking (Table 5 ). Owing to the very dry summer (Table 6 ), almost no earthworms were found in autumn 2003.
Most individuals and the highest biomass were found on the C1 plots. The difference with the other treatments was significant (p < 0.05) in spring 2004, but not in 2003. Earthworms were less frequent on the C0 plots. As for the micro-arthropods, the slurry had no significant effect on the abundance of the earthworms.
Maize DM yield
Figs. 2 and 3 illustrate the evolution of the maize DM yield (ears and total DM production) from 1997 till 2003.
Similar fluctuations can be seen on both graphs: S À C0 had the lowest DM yield and the treatments S þ C1 and S þ C2 had the highest yield. The low DM yield in 1998 was possibly due to an excessive precipitation during early spring and in June, followed by very dry conditions in July and abundant precipitation from the end of August (data not shown) [29] . Table 7 gives the DM yield of the year 2003. The application of compost and slurry had a significant (p < 0.05) influence on both the ear and total DM yield. 
Discussion
The effects of organic amendments on the population dynamics of plant parasitic nematodes such as Pratylenchus sp. and the Tylenchidae have been investigated before, but the results are not at all univocal. McSorley et al. [27] and Bulluck et al. [8] found that plant parasitic nematode communities were not affected by organic soil amendments, and argue that this is consistent with other (short term) research. In contrast, Weiss et al. [38] described an increase in the number of plant parasitic nematodes after long term application of sewage sludge. The most important reason for this increase was probably an enhanced nutrient availability, which resulted in a higher plant biomass, and hence a higher root biomass. Particularly the genus Pratylenchus seemed to benefit from the addition of sewage sludge. Forge et al. [22] also concluded that the sustained use of dairy manure increased population densities of Pratylenchus penetrans. In contrast Akhtar [1] observed a decrease in the number of plant parasitic nematodes with increasing amounts of compost (cattle solid manure and leaves) applied. These contradicting results may be linked to the quality of the organic matter applied (sewage sludge as opposed to compost). Indeed, Bongers [6] stated that the effect of organic amendments on plant parasitic nematodes depends on the specific type of organic matter, the C/N-ratio, the contaminants present, which and how many nematodes and possible antagonists are present in the organic fertilizer and the length of the application period of the organic amendments. More consistent effects on nematode abundance are observed where organic amendments have been applied for several years [27] . In our study, there was a clear tendency towards less plant parasitic nematodes on plots with organic amendments, despite the different reactions of Pratylenchus sp. and the Tylenchidae on the compost and the slurry application.
For the Rhabditidae no significant differences were found, although they tended to be more abundant on plots with organic amendments. Nevertheless, the increase of Rhabditidae in enriched situations has also been observed in other studies [1, 5, 8, 38] . Increased populations of bacterivorous nematodes, e.g. Rhabditidae, can be linked directly to higher populations of bacteria that are associated with the input of organic amendments like compost and slurry. Ettema and Bongers [17] found that the explosive growth of the rhabditid population, caused by the very high nutrient density, took place immediately after manuring and peaked after two or three weeks. Because of early reproduction, these colonizers escaped competition with other nematode groups. Two weeks after this peak population had been reached, the numbers of these nematodes started to decrease again and about twenty weeks after manuring the population was reduced to less then one quarter of the peak population. Increased competition or parasitism might cause this decline in rhabditid numbers, but little is known of such interactions [17] .
The greatest numbers of soil micro-arthropods were found on plots amended with compost. Being considered fungal, and more general microbial, feeders [20, 26] , the results for the Collembola are not surprising and corroborate previous research [28, 33] . It is conceivable that microbial growth derived from the organic material added to the soil increased the food availability for the springtails [31] , allowing the population to grow. Both in autumn 2003 and spring 2004 the Collembola were most abundant on plots treated every other year with 45 ton compost ha À1 (C2), and since the two yearly amendment was applied in 2003 a high mass of OM was added.
On the contrary, the highest numbers of mites were found on the C1-plots. Because mites were only identified to family level, interpretation of the data is more difficult then for the Collembola. Some of the mites present in the soil samples belonged to the Tarsonemidae (Prostigmata). Most of the Tarsonemidae mites are characterized by their fungivorous or phytophagous dietary habits [18] . In order to come to more conclusive results about the effect of compost and/or slurry application on populations of soil mites, identification up to species level would be necessary. Addition of organic matter is believed to be one of the major management variables affecting earthworm populations. Organic amendments increase earthworm populations by providing food sources and increasing the overall levels of soil organic matter [4] . Different studies have shown that earthworms prefer soils with a high organic matter content [14] . Our findings are in agreement with those studies. In spring 2004 significantly more earthworms with a higher total biomass were found on plots amended with VFG compost, while no effect of the application of slurry could be seen. It is striking that the number and biomass of the earthworms on C1 plots were much higher than on the C2 plots, although the latter plots received 45 ton ha À1 compost in 2003. Similar results were found in 2001 [10] . Apparently, yearly doses of compost stimulate earthworms more than larger applications every other year.
The hot and dry summer of 2003 (Table 6 ) greatly reduced the active earthworm population during autumn 2003. Temperature and moisture are the two major environmental variables affecting earthworm populations [4, 14] . Other studies confirmed that a period of severe drought has a significant negative influence on the active earthworm population [4, 34] .
The ear and total DM yield was the highest when VFG compost was applied together with slurry, due to the higher amount of total plant available (i.e. mineral) N applied. Applying the compost yearly (S þ C1) or every other year (S þ C2), did not result in significant differences.
The use of only compost had a significant impact on the DM yield, with the discrepancy getting larger each year (S À C0 versus S À C1 and S À C2). The first years of the experiment there was a clear downward trend in DM yield on plots without slurry application (SÀ), but in the last two years this trend was reverted on plots receiving compost (S À C1 and S À C2). In the last year the application of only VFG compost (yearly or every other year) and the application of only slurry (S À C1 and S À C2 versus S þ C0) even resulted in comparable DM yields.
A likely explanation is that N mineralization from VFG compost, a stable organic matter, is very limited in the short term, but that there is a significant residual N effect from the cumulative applications which becomes visible after 4e5 years, resulting in higher N availability and yields. Although the N availability from compost is small in the short term, it becomes very large after many years of compost application. Moreover repeated compost application stimulates the soil food web, thus enhancing N turnover in the long term. Weinzaepflen et al. [37] found higher N mineralization rates, and so higher amounts of available N, after the second year of compost application compared to the first. This might be explained too by the cumulative effect of the compost. Another explanation for the positive long term effect of repeated compost application on yield is the effect on the soil physical properties, improving the physical growing conditions (water uptake, aeration, .) for the crop, and this effect will be more pronounced in extreme years such as 2003. Nevens and Reheul [29] also suggest that the positive yield effect of the compost was not a mere N effect. In conclusion the VFG compost application had a positive effect both on maize DM yield and on the investigated soil fauna, with generally higher numbers of beneficial organisms and less parasitic nematodes on plots amended with compost. The effect of slurry was less explicit.
Very little information is available on how these changes in soil fauna composition affect crop performance and soil quality. Therefore more research is urgently needed to quantify the agronomic and environmental significance of such changes in soil fauna and a Different letters indicate a significant difference between the treatments according to Tukey (p < 0.05). flora composition in order to allow for an effective management of the soil food web.
